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Abstract 
Considering the special working principle and the special requirements of driving power supply for traveling wave 
ultrasonic motors, its driving techniques about switching power supply are outlined in detail based on analyzing the 
electrical model, subsequently, a review technique about DDS and its development is provided .Finally, some key 
problems, such as improvement of driving system ,system miniaturization and direct digital synthesizer are discussed, 
some of their solving schemes and the direction of studies on driving power supply are put forward. 
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1. Main text
Ultrasonic motor makes use of the inverse piezoelectric effect of piezoelectric ceramic to convert
electrical energy into mechanical energy of vibration of the stator, then to drive the rotor for rotation or 
linear movement depending on the friction between the stator and rotor. Ultrasonic motor has some 
advantages over magnetic motor, such as low speed with high torque, no electromagnetic noise, fast 
response, good control performance, self-locking power and micro displacement. So it is widely used in 
robotics, automation, aerospace, precision instruments and other fields. 
The operating frequency of ultrasonic motor is near by the mechanical frequency of stator, while it is 
possible to adjust the drive frequency to control the motor speed, which requires the driving power of 
ultrasonic motor to be accuracy and reliable, and to be adjusted to track the changing of resonant 
frequency. Traveling wave ultrasonic motor is more practical currently, it needs two-phase power supply, 
whose frequency, amplitude and phase difference are adjustable. Therefore, it is key technique to design 
the driving power for ultrasonic motor. Its driving techniques about switching power supply are outlined 
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in detail based on analyzing the electrical model in this paper, and then a new technique of direct digital 
synthesizer (DDS) is introduced, and deficiencies and shortcomings are discussed, at last, the focus 
problems and development directions are put forward. 
2. Traveling wave ultrasonic motor electrical equivalent model 
It is necessary and important to establish the equivalent circuit model of ultrasonic motor in order to 
analyzing the function and the features of driving power supply, Fig 1 shows the equivalent model of a 
single-phase driven by the stator[1] .Rm is the dynamic resistance of the stator, it consists of two parts.  
One is the dynamic resistance in the change of resonant state, and the other is the dynamic resistance 
with the change of friction and the characteristics of pre-stress. Lm is the dynamic inductance of the stator, 
it is related to mechanical properties and stator’s quality. Cm is the dynamic capacitance of the stator, it is 
inversely proportional to the stiffness of the stator. Rd is the dielectric loss of piezoelectric ceramics, it is 
not considered because of its large value usually. Cd is the clamping capacitor due to properties of 
piezoelectric ceramics, it changes with the operating conditions change. 
3. Driving Power 
Ultrasonic motor driving has different characteristics from electromagnetic motor, the characteristics 
are as follows:  
• Ultrasonic motor driving frequency depends on the natural resonance frequency of the stator, it is 
different with structure forms, power supply need match with frequency. 
• Driving power supply can provide the sinusoidal alternating current with two phase same frequency, 
amplitude and phase gap. 
• Ultrasonic motor has a capacitive loads, it needs to design matching circuits in order to achieving 
power matching, filtering and resonant step-up. 
• Driving circuit should be isolated because of high driving voltage. 
Ultrasonic motor requires a higher motivation based on the above characteristics, implementation 
usually has two ways, one is using a series of switching power supply circuit, such as voltage boost, 
energy transfer, impedance matching and power isolation, this approach is widely used in the traveling 
wave ultrasonic motor currently, but the transformer must match the different types of ultrasonic motors; 
and another is enlarging sine wave directly, this approach is using digital direct synthesis (DDS) currently 
on the basis of analog amplify circuit to achieve the theoretical analysis of the requirements, but it is 
complex to carry out and it is high cost. 
Fig 2 shows the block diagram of power supply [2], which consists of four parts, namely signal unit, 
frequency division, phase shift and power amplifier. There is a matching circuit between power amplifier 
and ultrasonic motor because of motor with a capacitive load. On the one hand, the matching circuit can 
improve the coupling between motor and driving circuit, on the other hand, it can also improve the driving 
voltage waveform to reduce the high frequency harmonic component and to turn the square wave into a 
sine wave. 
Fig 3 shows the realization circuit of fig 2. It consists of inverter bridge, transformer and filter, inverter 
DC voltage Vin goes through the inverter bridge and turns into square wave voltage Vp, Vp goes through 
transformer and enlarges amplitude, and then, Vsec goes through filter circuit and gets sinusoidal voltage 
VTRUM to drive the motor. 
Signal unit can generate square wave or sine wave. Many ways can generate square wave, such as 
voltage-controlled oscillators with LM555, integrated circuits LM567, MCU and DSP. Especially 
DSP56f801 can be used as signal generator, it includes PWM interface for motor control. 
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Square wave signal goes through the filter circuit, whose working principle is filtering out the higher 
harmonic square wave by a low-pass filter, only the fundamental frequency component can be allowed to 
pass. It is applied to fixed-frequency or narrow-band square-wave signal, but it has great limitations to the 
signal frequency range from 20kHz to 300kHz of a broadband ultrasonic motor signal circuit. 
Fig 4 shows the diagram of Phase Locked Loop (PLL) circuit that is a feedback and digital control 
synthesizer circuit by using of an external input reference oscillator signal to control the frequency And 
phase of internal loop. It consists of three parts, namely detector (PD), filter loop (LPF), voltage-
controlled oscillator (VCO). It can generate digital signal, but the frequency of open-loop is a low stability 
and accuracy in general, and the synthesis of sine wave and switching time is longer.  
Signal generator above-mentioned has a narrow frequency range because it obtains sinusoidal driving 
wave by matching and filter circuit, while the ultrasonic motor has a higher frequency requirement, thus, 
it can get to sine wave directly in case of relying on self-oscillation circuit which generates a sine wave 
output voltage in the absence of external input signals. In the sine wave oscillator circuit, it is necessary to 
introduce positive feedback to replace the input signal, it needs also a frequency-selective network to 
determine the oscillation frequency. The RC bridge sine wave oscillator circuit commonly is shown in 
Fig5.This method is simple and stable, but it is difficult to adjust the frequency and phase precisely. 
Driving traveling wave ultrasonic motor requires the high-voltage AC, while the signal generator 
output is generally low-voltage DC, thus it needs to boost inverter to meet the demands. There are three 
forms [4] mainly, namely half-bridge inverter, full-bridge inverter and push-pull inverter.  
Half-bridge inverter has the advantage of high efficiency and strong resistance and the disadvantage of 
low leg voltage being only half the DC power supply voltage, to solve this problem, it needs for high 
voltage DC power supply.  
Full-bridge inverter circuit has the advantage of greater power and stable output, but the cost is higher 
and circuit structure is more complex, so it is used usually in the power system. 
Push-pull inverter circuit has the advantage of simple circuit and switching loss little, it is acceptable 
for low-voltage DC power supply in the occasion. Circuits are shown in Fig 6~Fig8. 
Transformers and filter circuit mainly realize power amplifier and match function. Some foreign 
scholars start to study piezoelectric transformer to replace the traditional transforms in recently. It has a 
series of advantages with no electromagnetic noise, high power density, high efficiency and 
miniaturization of motor.  
Some scholars study also amplifier methods with no transformer, such as resonant boost, it considers 
the ultrasonic motor as a equivalent capacitive load and series inductor as a LC resonant circuit, in order 
to achieving power amplifier and voltage step-up. 
Some scholars start to research on the number of phases. They give up a two-phase driving of simple 
principle, and choose the single-phase driving of easy to implement. 
The above driving circuits have some disadvantage based on switching power technology, these are as 
follows: 
• There are a large number of harmonic components and these affect the testing and harmonic 
response of ultrasonic motor. 
• Driving circuit is unfit for different ultrasonic motors, and it is hard to attain sufficient power. 
• It is hard to get smaller and lighter driving circuits because of the existence of the traditional 
transformer. 
  The digital synthesis method is a new technology of driving power supply based on Direct Digital 
Synthesis (DDS) [5], it produces signal of stable, reliable and flexible, and easily to realize 
miniaturization. The principle is shown in Fig 9. It consists of A and B amplitude register, frequency 
register, accumulator, adder, sine lookup table, A and B phase D / A, low-pass filter. The whole circuit 
can realize the digital adjustment of amplitude, frequency and phase. 
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4. Development of new driving technology  
Some progresses have been made in nearly 30 years research for ultrasonic motor, but the scholars are 
a few come from the controlling, motor and motor-driving, it is a large gap with foreign. It should focus 
on the following aspects of the study in the future. 
Fig 9 DDS technical schematics 
4.1. Improvement of driving technology.  
The current driving technology considers more in the motor speed and torque over the operational 
stability and efficiency, there are high voltage and current, the driving power supply should be toward the 
low-voltage technology and the improving overall efficiency in view of these.  
4.2. Miniaturization of the driving system 
The driving system is relatively large because of the presence of the transformer, there are two ways to 
solve this problem, one is integrating signal generator, frequency division and some circuits into a large-
scale integrated chip, and another is studying a new technology that can thrown into high-frequency 
transformers and matching circuits. 
4.3. Studying the new driving technology 
There are high driving voltage and current under the lack of adaptive capacity at the present, the two 
aspects should be considered to solve these problems, one is to study the mechanism of new driving to 
replace of high-frequency transformer and matching circuit, and another is to study self-oscillation circuit 
to replace of signal generator and frequency division circuit. 
5. Summary 
The driving power technology is important for traveling wave ultrasonic motor, it is introduced some 
technology and key problems on basis of analyzing the electrical model in this paper, then traditional 
circuit based on switching power supply and new digital synthesis technology of DDS are discussed. 
Some of their solving schemes and the development are put forward. 
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Fig .8. Push-pull inverter circuit                                               Fig.9. DDS technical schematics
